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COMPLETE SPECIFICATION 

"A.C. ELECTRICITY POWER SUPPLY SYSTEM AND METHODS OF 
AND APPARATUS FOR LOAD CONTROL THEREON " 



x/We, SOUTH EASTERN ELECTRICITY BOARD, a British Body Corporate, 
of Queen's Gardens, Hove, Sussex BN3 2LS, England, 



hereby declare the invention for which*** we pray that a patent may 
be granted to ikk/us, and the method by which it is to be performed, 
to be particularly described in and by the following statement:- 



"A.C. ELECTRICITY POWER SUPPLY SYSTEM AND METHODS 
OF AND APPARATUS FOR LOAD CONTROL THEREON" 



This invention relates to a.c. electricity power 
supply systems and to methods of and apparatus for 
controlling the load thereon. 

In some parts of the world, there have in 
recent years been widespread power failures lasting 
many hours arising from the power demand exceeding 
the supply. Such failures can occur particularly 
in systems which are not strongly interconnected and 
where, for example, damage of a single supply line 
can deprive a wide area of a substantial source of 
power. When this happens, the other generating 
stations, which still remain connected to supply 
the load, became over-loaded. The overloading is 
accumulative and rapid with the consequent necessity 
for immediate opening of circuit breakers to disconnect 
the load. In recent years widespread loss of power 
of this nature, commonly referred to as a blackout, 



1 9766 7 



- 2 - 



has occurred in a number of countries. 

Various load management systems have been proposed to enable 
utility to effect some control of power demand at consumer's premises 
by the transmission of control signals from the utility to effect 
selective switching out of loads, thereby enabling a reduction of 
demand to be obtained by selective switching of non-essential or less 
essential loads. Such techniques however are not fast enough to pre- 
vent a blackout such as has been described above. 

It is one of the objects of the present invention to provide an 
improved method of and apparatus for safeguarding an alternating 
current electric power supply system against such a blackout. 

The present invention makes use of the drop in the supply fre- 
quency which occurs when an alternator at a generating station becomes 
overloaded. There have been a number of prior proposals to employ 
frequency sensitive relays in consumers' premises to effect 
automatic disconnection of a load when the frequency falls. 

According to one aspect of the present invention, a method of 
safeguarding an a.c. electric power system against the effects of the 
power demand on the system exceeding the generating capacity comprises 
the steps of, for each of a plurality of consumers, sensing when the 
power supply frequency falls below a predetermined frequency using a 
signal from a phase lock loop arranged for synchronism an oscillator 
with the supply frequency and interrupting the power supply to at 
least part of the load taken by each said consumer in response to a 
sensed fall of frequency to below said predetermined frequency. 
Preferably, for each consumer, said at least part of the load is 
reconnected to the supply when the supply frequency rises above said 
predetermined frequency or above a higher frequency. 

It has been previously been proposed, see for example our N^fc' 
Zealand Patent Application No. 192524 filed January 4th 1980, t^^d?* 
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effect measurement of energy consumption by a consumer supplied with 
alternating current power by making use of data processing means 
having a clock, controlling the data processing, which clock is 
synchronised with the incoming mains frequency. In such a system, 
employing a phase-lock loop to synchronise the clock frequency with 
the incoming mains, there is inherently a signal available represen- 
tative of the incoming mains frequency or of the deviation of the 
mains frequency from a datum. This signal may be used for controlling 
the aforementioned switch or switches for interrupting the supply of 
the load or loads on the consumer's premises. A phase-lock loop will 
commonly operate only over a limited frequency range and it is con- 
venient to make the switch means operative to disconnect the load or 
loads when the phase-lock loop fails to maintain phase synchronisation 
due to a fall in frequency. If the phase-lock loop fails to maintain 
synchronisation, the phase error increases rapidly and this signal may 
be used for effecting switch control. 

With this method, automatic disconnection of loads occurs as soon 
as the frequency drops below some predetermined value. It is not 
necessary to use the same predetermined frequency for every consumer. 
In general it is preferable that the load shedding is not instan- 
taneous but occurs over a short period of time so that the system 
comes to a stable condition where the generating capacity can meet the 
connected load demand. More particularly, it is desirable that any 
automatic reconnection is effected gradually to prevent over-loading 
of the system. Thus said 



predetermined frequency is preferably a frequency 
within a predetermined frequency band or bands, with 
the exact frequencies differing for different 
consumers. It is inevitable in practice that the 
exact frequency of operation in any practical system 
will vary slightly for different consumers • With a 
50 Hz supply frequency, it might be arranged that the 
consumers are cut out at a frequency within the range 
of 46.5 to 48.5 Hz. Thus, as the frequency drops, 
some consumers will be disconnected when the frequency 
falls to 48.5 and gradually more will have their 
switches opened as the frequency falls further; 
all or substantially all would have lost power by 
the time the frequency is down to 46.5. 

It is preferred to have automatic restoration of the 
power supply when the frequency rises and, to allow 
a margin to prevent switching on and off, the supply 
should be restored to a consumer when the frequency 
is slightly higher than the frequency at which it 
was previously cut off. 

The load switching for consumers may be effected 
in two or more steps, switching off of part of the load 
occurring when the frequency has fallen to a first 
value and further switching being effected when the 
frequency falls to a second lower value. 
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It will be readily apparent that desirably all or substantially 
all consumers should have their power controlled in this way although 
it is obviously possible to provide safeguards for certain priority 
loads, such as hospitals, kidney machines etc. so that they remain 
connected to the supply despite the loss of frequency. Since the 
control means are now associated with the individual consumers and may 
if necessary be assoicated with individual loads, such priority faci- 
lities may be provided. 

According to another aspect of the invention, in an a.c. electric 
power supply system having generating means arranged for supplying 
power to a plurality of consumers, at least some of said consumers are 
each provided with means which sense when the power supply frequency 
falls below a predetermined frequency, comprising a phase lock loop 
arranged for synchronism an oscillator with the power supply fre- 
quency, said phase lock loop being operative only to maintain synchro- 
nisation when the supply frequency is above said predetermined 
frequency, and switch means for each consumer arranged for 
interrupting the power supply to at least part of that consumer's load 
in response to a sensed loss of phase lock. 

Each of said least some consumers may have means operative to 
reconnect said at least part of that consumer's load to the supply in 
reponse to a sensed rise of the supply frequency above said predeter- 
mined frequency at which the switch means for that consumer was 
operated to interrupt the supply or above a higher frequency. 



The aforementioned switch means may control supply to only part of 
a consumer's load and further switch means may be provided operatively 
responsive to sensed fall of frequency to still lower valule below 
that at which the first-mentioned switch means is operated. 

The control switches are preferably solid state switches and may 
be switches provided for some other purpose, e.g. for automatic 
control to limit maximum demand. It will thus be seen that the pro- 
tection of the system against a blackout due to demand exceeding the 
generating capacity can readily be provided on consumers' premises 
with little additional equipment beyond that which is installed for 
other purposes. 

According to a further aspect of the present invention there is 
provided apparatus for use by a consumer using power power from an 
a.c. power supply system to feed a load comprising sensing means 
responsive to the frequency and alternating current electric power 
supply being fed to the load the sensing means including an oscillator 
and a phase lock loop operative to maintain the output of the oscilla- 
tor in phase synchronisatioin with said alternating power supply and 
switch means responsive to an output of the phase lock loop said 
switch means controlling the supply to the load and being operative to 
cut off the supply when the frquency sensed by the sensing means falls 
below a predetermined frequency. Preferably means are provided for :*' 
automatically restoring the supply when the frequency rises above" s#id 
predetermined value or above a higher frequency. V 4 
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The switch means conveniently comprises a solid state switch or 
switches. The phase-lock loop maybe operative to maintain phase lock 
over a frequency exceeding the generating capacity of the system. As 
previously explained, when this occurs, the frequency of the supply 
immediately begins to drop. It is convenient in the following 
description to refer more specifically to a supply at a nominal fre- 
quency of 50 Hz. It will be readily apparent however that similar 
arrangements can be employed for supplies at other frequencies, e.g. 
60 Hz. 

The apparatus in the consumer's premises includes a clock for 
digital data processing of information, which clock is normally 
synchronised with the incoming mains supply. This clock comprises 
essentially a voltage controlled oscillator 40 operating at a fre- 
quency which is a multiple of the mains supply frequency, typically 
several thousand times the mains supply frequency. The output 
of the oscillator 40, in digital form, is divided down in frequency by 
a digital divider 41 to provide, for example, short duration pulses to 
a sampler 43 for sampling the instantaneous magnitudes of the voltage 
and current waveforms and thereby to provide data for metering means 
determining the energy consumption of the consumer. The divider 41 
provides an output signal at the mains supply frequency in the form 
of short duration pulses at the timing of which is compared in a com- 
parator 44 with the time of short duration pulses at the zero voltage 
crossover point of the incoming voltage waveforms on lines 30,31. For 
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this purpose there is a voltage transformer 45 across the lines 30,31 
having an output winding providing the voltage waveform to the com- 
parator unit 44. The time difference determined by the comparator 44 
is measured digitally utilising clock pulses from the divider 41 on a 
lead 46 and the digital output is a measure of the phase error between 
the clock frequency and the incoming waveform frequency. This phase 
error is integrated digitally in an integrator 47 to provide on a lead 
48 the control signal for the voltage controlled oscillator 40. Such 
a phase control system operates to control the frequency of the 
oscillator 40 so that the output thereof is synchronised in phase with 
the incoming wave form. The phase error on the output from the com- 
parator 44 is thus normally small so long as synchronisation is main- 
tained. If synchronisation is lost however the phase error is 
increased. Loss of phase synchronisation can be arranged to occur as 
the frequency decreases at some predetermined frequency, for example 
by limiting the range of the output signal from the integrator 47. 
The sudden increase in phase error is applied to a control unit 50 to 
generate a control signal on the lead 37 for operating the switch 36 
to interrupt the supply to the loads 32, 33. 

Figure 2 is a graphical diagram in which curve 60 shows the rela- 
tionship between phase error (plotted as ordi nates) and frequency 
(plotted as abscissa) for one particular from of phase-locked oscilla- 
tor. As the frequency falls, the output of the oscillator gradual \^^Kr 
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lags behind the incoming voltage waveform of the mains supplys. At a 
frquency of 49 Hz, there is a phase error of 8°. The phase error is 
indicative of the control signal applied to the aforementioned voltage 
control oscillator 40. When some particular phase error has been 
reached, depending on the design of the equipment, the phase-lock loop 
will no longer be able to hold the frequency to give phase-lock with 
the incoming wave form. When this occurs, the phase error determined 
by the comparator 44 will increase and the switch 36 will be operated. 
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Xt is envisaged that, in general, all consumers 
should have a control for cutting off the load when 
the frequency drops, similar to that shown for consumer 
20 of Figure 1. . It is inevitable that the tolerances 
of the oenpenents in the phase-lock systems for different consumers 

will give some spread to the frequency at which the various switches 
36 will operate. In a typical system, the spread 
might be over 2 Hz, e.g. from 46.5 Hz to 48.5 Hz with 
half the consumers losing power when the frequency has 
dropped to some intermediate value, typically 47.25 Hz. 
In Figure 2 a curve 65 is shown which is a distribution 
curve indicating the proportions of consumers which 
will lose lock at any particular frequency in the 
frequency range. It will be seen that all consumers 
remain in lock at frequencies above 48.5 Hz but, when 
the frequency is down to 46 Hz only a small proportion, 
about 5%, will be left on. This curve makes allowance 
for the fact that certain consumers or certain individual 
loads will not be switched off by the drop in frequency, 
their supplies being maintained for safety or other 
reasons. It may be that some consumers will have 
their phase-lock loops set to maintain phase down to 
significantly lower frequencies than others. 
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It will be immediately apparent that, in the 
event of some gross los3 of power in the generating 
system, the resultant drop in frequency will immediately 
cause switches 36 at the various consumers to be opened 
so as to reduce load. In general the reduction in 
load will readily be made sufficient to maintain 
stability of the system provided some significant 
generating capacity still remains. 

If the generating capacity is restored or if there 
is disconnection of loads still being fed with power, 
the frequency of the system will tend to rise. With 
the form of phase-lock loop described above for the 
consumer 20, when the frequency becomes sufficiently 
high, phase synchronisation will be re-established and 
hence the signal to the control unit 50 v/ill be removed. 
In general, automatic restoration of the supply to the 
loads by closing the switch 36 would be effected by the 
control unit 50. > Provision may be made however, for 
example, for automatic restoration of supply to certain 
loads but for restoration of supply to other loads only 
on manually resetting switches* Because of the inherent 
hysteresis effect in the control loop, the frequency 
at which the restoration of power occurs will be higher 
than the frequency at which the power was switched off. 
The dashed line curve 66 illustrates, for the particular 
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ejnbodiraent under consideration, the numbers of consumers 
which will have power restored at the various different 
frequencies as the frequency rises. It will be noted 
that the frequency must rise to at least 49.5 Hz before 

* 

the last load is restored. However restoration of 
loads commences as soon as the frequency begins to rise* 
In the above-described embodiment of the invention , 



the failure of a phase- lock loop to maintain phase-lock 
between a clock signal generator and the incoming 
waveform has been utilised to control the switching. 
Such a phase-lock loop controlling a clock signal 
generator may form part of equipment for metering the 
power consumption of the individual consumer, as for 
example is described in the specification of Application 
No, 192524. The switch 36 may be a switch utilised 
also for load management, e.g. for the automatic regulation 
of the maximum demand by the consumer, utilising automatic 
maximum demand regulating apparatus. It will thus 

be seen that the protection for the system against a 
large-scale blackout due to for example sudden loss of 
generating capacity, can be obtained with very little 
additional equipment on the consumer's premises beyond 
that which may be installed for other purposes. The 
protection for the system is obtained by switching at the 
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consumer*?, promises. No signalling over. the transmission 
lines or by other means is required and there is no 
need to provide any special equipment at the generating 
stations or on the network apart from the equipment on 
the consumer^ premises. 

In Figure 3, there is shown a modified form of 
part of the apparatus of Figure 1 in which the switching 
off of parts of the load at a consumer's premises 
occurs in two stages. In Figure 3, the same reference 
characters are used as in Figure 1 to denote 
corresponding components and mention will be made only 
of the distinctive features of Figure 3. The consumer 
is shown as having a further load 70 which is of low 
priority. A triac switch 71 for cutting off the supply 
to this load 70 is controlled by a comparator 72 
comparing the voltage output from the comparator 44 with 
a reference voltage from a reference source 73. This 
reference voltage is chosen so that the switch 71 is 
operated to cut the supply to load 70 when the frequency 
has fallen to some predetermined value intermediate 
between the normal supply frequency and the frequency 
at which the switch 36 operates. Partial load shedding 
in this way by a large number of consumers may often be 
sufficient to prevent any further frequency drop but 
the switches 36 would be operative in the event of 
serious overloading of the supply network. ^fr^. 
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WHAT WE CLAIM IS :- 

1. A method of safeguarding an a.c. electric power supply system 
against the effects of power demand on the system exceeding the 
generating capacity comprising the steps of, for each of a plurality 
of consumers, sensing when the power supply frequency falls below a 
predetermined frequency by using a signal from a phase lock loop 
arranged for synchronising an oscillator with the supply frequency and 
interrupting the power supply to at least part of the load taken by 
each said consumer in response to a sensed fall of frequency to below 
said predetermined frequency. 

2. A method as claimed in Claim 1 wherein, for each consumer, said at 
least part of the load is reconnected to the supply when the frequency 
of the supply frequency rises above said predetermined frequency or 
above a higher frequency. 

3. A method as claimed in either Claim 1 or Claim 2 wherein said 
phase lock loop is arranged to lose phase lock when the frequency 
falls below said predetermined frequency and wherein the loss of phase 
lock is sensed to provide a control signal for effecting the interrup- 
tion of the power supply to at least part of the load. 

4. A method as claimed in any one of the preceding claims wherein 
said predetermined frequency is a f requency ^within a predetermined 
frequency band or bands, with the exact frequency differing for dif- 
ferent consumers. < 

5. A method as claimed in any one of the preceding claims wherein the 
supply interrupt for consumers is effected in two or more steps,. one • 
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part of the load being disconnected when the frequency has fallen to a 
first value and further parts of the load being disconnected when the 
frequency has fallen to a second lower value. 

6. An a.c. electric power supply system having generating means 
arranged for supplying power to a plurality of consumers wherein at 
least some of said consumers are each provided with means which sense 
when the power supply frequency falls below a predetermined frequency 
comprising a phase lock loop arranged for synchronising an oscillator 
with the power supply frequency, said phase lock loop being operative 
only to maintain phase synchronisation when the supply frequency is 
above said predetermined frequency, and switch means arranged for 
interrupting the power supply to at least part of that consumer's load 
in response to a sensed loss of phase lock. 

7. An a.c. ejectric power supply system as claimed in Claim 6 wherein 
each of sai^ least some consumers has means operative to reconnect 
said at least part of that consumer's load to the supply in response 
to a sensed rise of the supply frequency above said predetermined fre- 
quency at which the switch means for that consumer was operated to 
interrupt the supply or above a higher frequency. 

8. An a.c. electric power supply system as claimed in either Claim 6 
or Claim 7 wherein the switch means are solid state switches. 

9. Apparatus for use by a consumer using power from an a.c. electric 
power supply system to feed a load comprising sensing means responsive 
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to the frequency of the alternating current electric power supply 
being fed to the load, the sensing means including an oscillator and a 
phase lock loop operative to maintain the output of the oscillator in 
phase synchronisation with said alternating power supply, and switch 
means responsive to an output of the phase lock loop said switch means 
controlling the supply to the load and being operative to cut off the 
supply when the frequency sensed by the sensing means falls below a 
predetermined frequency. 

10. Apparatus as claimed in Claim 9 wherein said phase-lock loop for 
maintaining the output of an oscillator in phase synchronisation with 
the incoming supply is operative only to maintain synchronisation when 
the frequency is above said predetermined frequency and wherein 
supply means which sense loss of phase lock are provided to operate 
said switch means. 

11. Apparatus as claimed in either Claim 9 or Claim 10 and having 
means for automatically restoring the supply to said load when the 
frequency of the supply rises to a value above said predetermined 
frequency. 

12. Apparatus as claimed in Claim 11 wherein said switch means 
interrupts the power supply to part of the load and having further 
switch means operative at a different frequency for interrupting the 
power supply to another part of the load. 
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13. A method of safeguarding an a.c. electric power supply system 
against the effects of power demand on the system exceeding the 
generating capacity substantially as hereinbefore described with 
reference to the accompanying drawings. 

14. An a.c. electric power supply system having means for safeguarding 
the system against the effects of power demand on the system exceeding 
the supply substantially as hereinbefore described with reference to 
the accompanying drawings. 

15. Apparatus for use by a consumer of electric power from an a.c. 
power supply system substantially as hereinbefore described with 
reference to the accompanying drawings. 
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